vestigation. Other species of Sarcocystis reported in marine mammals are S. richardi 2, 10, 11 in seals, S. balaenopteralk 1 in a whale (Balaenoptera borealis), and an unnamed species in a sperm whale (Physeter catadon), 9, 16 northern fur seal (Callorhinus ursinus), 4 striped dolphin (Stenella coeruleoalba), 5 and ringed seal (Phoca hispida). 15 Whether the parasite in the liver is the same as that in muscle is not known. The structure of the parasites in the liver resembles a group of newly recognized Sarcocystis species that cause generalized coccidiosis in dogs (S. canis), 8 in raccoons (Sarcocystis spp.), 7 and in horses (S. neurona). 6 Little is known about the life cycle of these newly discovered S. canis and S. neurona-like parasites. The only known stage is schizont with a residual body. The parasite from the horse has been grown in cell culture for transmission studies. The identification of the definitive host was not investigated.
Pulmonary coccidiosis in a dog
Suzanne M. Neu, J. P. Dubey A 5-year-old female Beagle dog had acute onset of weakness, fever, severe dehydration, diarrhea, matted eyes, weight loss, and harsh lung sounds. Canine distemper virus infection was suspected, and the dog was euthanized. Necropsy examination revealed multifocal consolidation of the lungs and pericardial fibrosis. Fresh lung examined by direct immunofluorescence was positive for canine distemper virus antigen.
Samples of spleen, liver, kidney, lungs, and bronchial lymph node were submitted in 10% neutral buffered formalin. The tissues were embedded in paraffin, sectioned, and stained with hematoxylin and eosin (HE) and periodic acid-Schiff (PAS).
Paraffin sections of lungs were reacted with anti-Toxo- Received for publication January 15, 1992. plasma gondii, anti-Neospora caninum, and anti-Sarcocystis cruzi sera in an avidin-biotin complex immunohistochemical test. The reagents and controls were the same as those previously described. 4 Microscopically, bronchioles were widely dilated and filled with neutrophils, macrophages, and sloughed epithelial cells. The bronchiolar epithelium was mildly hyperplastic. Numerous large amphophilic viral inclusion bodies were present in the cytoplasm of bronchiolar epithelial cells. Alveolar spaces were expanded by accumulations of macrophages, neutrophils, and scattered syncytial cells; many of the macrophages contained intracytoplasmic and intranuclear viral inclusion bodies. One section of lung was necrotic and had extensive areas of hemorrhage. Neutrophils and bacterial colonies were numerous within the necrotic tissue.
Protozoa resembling asexual stages of coccidia were observed within cytoplasmic vacuoles of many bronchiolar epithelial cells and were also admixed with inflammatory cells and sloughed epithelial cells in the lumen of bronchioles (Figs. l-6). Parasites divided by schizogony ( Fig. 5 ). Uninucleate, multinucleate, and fully mature schizonts with The youngest uninucleate stage is a, d is a multinucleated stage, and e is the mature schizont. 4. Longitudinally cut merozoite (arrow) and 3 schizonts (arrowheads) with indistinct nuclei. 5. Two immature schizonts. Schizont on the left has 2 nuclei and the 1 on the right has at least 4 nuclei. 6. Mature schizont with merozoites radiating from the central residual body (arrow) in a bronchial epithelial cell. Individual merozoites (arrowheads) are present in bronchial exudate. merozoites were present (Figs. [3] [4] [5] [6] . Mature schizonts were up to 12 µm in diameter and contained up to 20 merozoites (Fig. 6) . The merozoites were 4-5 µm x 1 µm in size, banana shaped, and contained a central to subterminal nucleus. Occasionally, merozoites appeared to form rosettes around a central residual body (Fig. 6 ). Sexual stages of coccidia were not seen. Schizonts and merozoites were PAS negative. Protozoa did not stain with T. gondii, N. caninum, and S. cruzi antisera.
Additional microscopic lesions included intracytoplasmic viral inclusion bodies within biliary epithelial cells in the liver, intranuclear viral inclusion bodies in splenic macrophages, and multifocal splenic necrosis. Intestine was not available for histopathologic examination.
Coccidia of the genera Toxoplasma, Neospora, Hammondia, Sarcocystis, Cryptosporidium, and Isospora infect dogs. 2 Of these, Toxoplasma 3 and Neospora 2 occur in the lungs of dogs. Cryptosporidium can occur in the respiratory tract of birds 6 and in the trachea and bronchioles of rhesus monkeys infected with simian immunodeficiency virus. 1 The coccidium in the bronchial epithelium of this dog was not Toxoplasma, Neospora, or Hammondia; these organisms multiply by endodyogeny 5 and do not form multinucleated schizonts as were observed in this case. The organism was not Cryptosporidium because Cryptosporidium is located just inside the cell membrane, but outside the host cell cytoplasm, and is found along the apical border of host cells. 6 The organism was not Sarcocystis because schizonts were located within cytoplasmic vacuoles, whereas Sarcocystis schizonts are found free in the host cell cytoplasm. 2 The light microscopic characteristics of the organisms in this case were similar to those of coccidia described in the intrahepatic biliary epithelium of a dog. 5 The structure and intracellular location of the protozoa in both cases were consistent with those seen for Isospora and Eimeria. Members of the genus Isospora have never been reported from bronchiolar epithelium; members of the genus Eimeria are not known to infect dogs. The identity of this coccidian parasite could not be determined.
Infection with canine distemper virus may have been a factor in the development of pulmonary coccidiosis in this dog. Immunosuppression due to canine distemper virus may play a major role in intercurrent toxoplasmosis and canine distemper in dogs; 3 similar factors may have influenced the dual infection with coccidia and canine distemper virus in this case.
